A Radioisotope Power System (RPS) generates power by converting the heat released from the nuclear decay of radioactive isotopes, such as Plutonium-238 (Pu-238), into electricity. First used in space by the U.S. in 1961, these devices have enabled some of the most challenging and exciting space missions in history, including the Pioneer and Voyager probes to the outer solar system; the Apollo lunar surface experiments; the Viking landers; the Ulysses polar orbital mission about the Sun; the Galileo mission to Jupiter; the Cassini mission orbiting Saturn; and the recently launched New Horizons mission to Pluto. Radioisotopes have also served as a versatile heat source for moderating equipment thermal environments on these and many other missions, including the Mars exploration rovers, Spirit and Opportunity. The key advantage of RPS is its ability to operate continuously, independent of orientation and distance relative to the Sun. Radioisotope systems are long-lived, rugged, compact, highly reliable, and relatively insensitive to radiation and other environmental effects. As such, they are ideally suited for missions involving long-lived, autonomous operations in the extreme conditions of space and other planetary bodies. This paper reviews the history of RPS for the U.S. space program. It also describes current development of a new Stirling cycle-based generator that will greatly expand the application of nuclear-powered missions in the future.
Radioisotope Power Systems (RPS)
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Waste Heat
Low Temp
• Heat produced from natural alpha (!) particle decay of Plutonium (Pu-238)
• 87.7-year half-life
• Small portion of heat energy (6%-35%) converted to electricity via passive or dynamic processes
• Thermoelectric (existing & under development) • Stirling (under development)
• Brayton, TPV, etc. (future candidates)
• Waste heat rejected through radiatorsportion can be used for thermal control of spacecraft subsystems 
Heat Source Assembly (GPHS Modules)
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Duration of Use
Unique features of nuclear power
• Steady power independent of distance and orientation w/respect to Sun;
• Operation in thick atmospheres and shadowed areas;
• Operation in extreme and high-radiation environments (e.g., Venus, Titan, Jovian space);
• Long duration operation (!10 years);
Added advantages of:
• Scalability to very low power levels ("1-10 kWe);
• Use in close proximity to crew (low penetrating radiation);
• Readily available excess heat;
• Compactness and ease of transport;
• Enables Radioisotope Electric Propulsion (REP) -benefits of NEP with low power spacecraft (1-5 kWe)
• High-performance electric propulsion in deep space • Specific powers comparable to near-term reactor-based NEP 
U.S. Radioisotope Space Missions
Early Days
• Original impetus was national security surveillance satellites. Potential for RPS identified by North American Aviation and RAND in late-1940!s.
• In early-1950!s, DOD requested AEC to conduct studies and technology work on space nuclear power. AEC broadened consideration to radioisotopes. Origin of Systems for Nuclear Auxilliary Power (SNAP).
• Early SNAP efforts focused on dynamic energy conversion. SNAP-1 was Ce-144 powered Mercury Rankine generator.
• Thermoelectric energy conversion invented at AEC!s Mound Laboratory by Kenneth Jordan and John Birden in 1954.
• SNAP-3 project developed thermoelectric-based device using Polonium-210 fuel.
• President Eisenhower used SNAP-3 to advocate expanded use of space nuclear power, particularly for NASA. Becomes marketing centerpiece of "Atoms for Peace."
Oval Office Presentation of SNAP-3 in January 1959
Early Flight Units SNAP-3B 
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